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1
ROLLER SWAGE METHOD AND APPARATUS

BACKGROUND

The present disclosure relates to methods and apparatus for
swaging, and more particularly, to methods and apparatus for
roller swaging.

Current swaging devices and methods, in particular those
used to swage a ferrule on the end of a tube, may utilize one
or more tapered rollers. A cylindrical metal ferrule having a
series of annular grooves formed on an inner wall may be
inserted over the end of a metal tube. A plurality—typically
three—tapered rollers may be inserted in the end of the tube
and urged radially outwardly toward the inner wall of the
tube. The tapered rollers then may be rotated in a circular
pattern along the inner wall of the tube. With this circular
motion, the tapered rollers may be urged radially outwardly
with sufficient force to deform the metal of the tube radially
outward and into the grooves of the ferrule.

A disadvantage that may be associated with this type of
swaging is that, because most of the material flow caused by
the tapered rollers is in a direction not in line with the applied
force (i.e., radially outward), the cylindrical rollers require a
relatively large torque. The large torque also may be required
because the cylindrical rollers are inserted into the tube such
that they deform the metal of the tube to fill all of the grooves
of the ferrule at the same time.

Such relatively large applied forces may create an unac-
ceptable deformation of the ferrule when the tube is swaged
into the ferrule. The resulting swaged ferrule and/or tube end
may be out of round. Another disadvantage with this process
is that a given swaging head having tapered rollers may be
usable for swaging ferrules on tubes having only a limited
range of diameters and wall thicknesses. It is therefore nec-
essary to maintain an inventory of different swaging heads
having different tapered rollers of different sizes. Accord-
ingly, there is a need for a method and apparatus for roller
swaging that reduces the amount of energy required to per-
form the swaging process, minimizes any deformation of the
ferrule and tube, and does not require different tooling for
different sizes and thicknesses of ferrules and tubes.

SUMMARY

The present disclosure is directed to a roller swage method
and apparatus that requires less energy to perform a swaging
operation than prior art methods and devices, deforms the
work pieces less than prior art methods and devices, and in
which a single tool may be used to swage a variety of work
pieces of different thicknesses and diameters. In one embodi-
ment, an apparatus for roller swaging may include a support
arm, a spherical roller rotatably supported in the support arm,
a mount for slidably supporting the support arm, a first actua-
tor for displacing the support arm relative to the mount, and a
second actuator for supporting the mount and imparting rota-
tional movement of the mount about a central axis in which
the spherical roller describes a circular path.

In another embodiment, an apparatus for roller swaging
may include a clamp adapted to hold a ferrule having a
grooved interior surface fitted over an end of a tube, a support
arm extending in a direction parallel to an axis passing
through the center of the ferrule, a spherical roller rotatably
supported in the support arm, a mount adapted to receive the
support arm for relative slidable movement in a radial direc-
tion relative to the axis, a first actuator for displacing the
support arm relative to the mount, a second actuator for sup-
porting the mount and imparting rotational movement of the
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mount about a central axis in which the spherical roller
describes a circular path, a base for supporting the second
actuator for reciprocal movement parallel to the axis, a third
actuator connected to the second actuator for displacing the
second actuator relative to the base, and a controller.

In an embodiment, the controller may be configured to
operate the first actuator, second actuator and third actuator in
a sequence in which the third actuator displaces the second
actuator to place the support arm into the ferrule and align the
spherical roller with a first groove in the ferrule, then the first
actuator displaces the support arm radially outward from the
axis such that the spherical roller deforms a portion of the tube
and into the first groove. The second actuator then rotates the
arm such that the spherical roller displaces the portion of the
tube and along the first groove. The controller then activates
the first actuator to displace the support arm radially inward
toward the axis, then activates the third actuator to displace
the second actuator to align the spherical roller with a second
groove of the ferrule to repeat the sequence.

In yet another embodiment, a method of roller swaging
may include inserting an end of a tube into a ferrule, and
urging a spherical roller against an inner wall of the tube with
a force sufficient to swage the inner wall against the ferrule
and thereby mechanically secure the ferrule to the end of the
tube. In another aspect of that embodiment, a method for
roller swaging may include inserting an end of a metal tube
into a ferrule, the ferrule having at least one annular groove
formed in an inner surface thereof, positioning a spherical
roller radially inward of the annular groove and an inner wall
of the tube relative to a center of the ferrule, and simulta-
neously urging the spherical roller radially outward against
the inner wall of the tube with a force sufficient to deform the
tube into the annular groove, and moving the spherical roller
in a circular path, whereby a portion of the tube is deformed
into substantially an entirety of the length of the annular
groove.

Other objects and advantages of the disclosed roller swage
method and apparatus will be apparent from the following
description, the accompanying drawings and the appended
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side elevation of the disclosed roller swage
apparatus;

FIG. 2 is a detail in section taken at line 2-2 of FIG. 1;

FIG. 3 is a detail of the apparatus of FIG. 1 showing the
spherical roller deforming a tube end into a groove of a
ferrule; and

FIG. 4 is a detail showing an alternate embodiment of the
roller swage.

DETAILED DESCRIPTION

As shown in FIG. 1, the roller swage apparatus, generally
designated 10, may be mounted on a base 12. The roller
swage 10 may include a linear slide 14 and an actuator 16,
both mounted on the base 12. The actuator 16 may be con-
nected to an actuator 18 that may be mounted on the slide 14,
so that the actuator 16 may displace the actuator 18 on the
slide in the direction of arrow A in a linear direction. The
actuator 18 may support a mount 20 by way of an axle 22 that
lies along a central axis of rotation B. Mount 20 may include
a horizontal arm 24 that supports an actuator 26. Actuator 26
may be connected to support arm 28, which may be attached
to mount 20 by way of a slide that allows the support arm to
move in a vertical direction denoted by arrow C in FIG. 1,
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which is a radial direction relative to the central axis of
rotation B. Support arm 28 may include a radial component
30 and an axial component 32, the latter of which may extend
in a direction parallel to axis B.

A spherical roller 34 may be mounted in a spherical recess
35 (see FIG. 4) in an end 36 of the axial component 32 of the
support arm 28 at a location distal from the mount 20. Recess
35 may allow roller 34 to have a 360° freedom of movement.
Roller 34 may be made of a hard material, such as titanium or
stainless steel. In an embodiment, the roller 34 may have a
diameter of 0.25 inches.

As shown in FIG. 1, the apparatus 10 may include a control
38 that may be a computer or programmable logic controller
connected to activate actuators 16, 18 and 26. Actuators 16
and 26 are shown in FIG. 1 as double-acting cylinder motors.
However, it is within the scope of this disclosure to provide
actuators 16 and 26 in the form of ball screws, rack and pinion
drives, linear actuators and other well-known devices for
imparting linear, reciprocal motion. Actuator 18 may be a
direct current motor, an alternating current motor, a stepper
motor, or a hydraulic motor. Actuator 18 may be any known
device that imparts a rotational motion to axle 22 that rotates
support arm 28 in a circular path denoted by arrow D so that
spherical roller 34 describes a circular path about axis B.

Also as shown in FIG. 1, a tube 40 may be inserted into a
ferrule 42, and the combination is retained by a clamp 44 (see
also FIG. 2). In an embodiment, the tube 40 may be made of
a material, such as aluminum or copper, that is softer and
more malleable than the material of the spherical roller 34. In
an embodiment, the ferrule 42 may be made of a material less
malleable than that of the tube 40, such as stainless steel.

As shown in FIGS. 1 and 2, the operation of the roller
swage 10 is as follows. Tube 40 may be inserted into an end of
the ferrule 42. As shown in FIG. 3, the ferrule 42 may be
shaped to have a plurality of annular recesses 46 extending
about an interior wall 48. In an embodiment, the annular
recesses may have a thickness (measured in the direction of
axis B) 0£0.045-0.05 inches and a depth of between 0.01-0.24
inches. The tube 40 may have a thickness of between 0.032-
0.06 inches.

The ferrule 42 and tube 40 may be held securely in the
clamp 44 so that the centers of the ferrule 42 and tube 40 may
coincide with central axis B, as shown in FIG. 2. The control
38 may activate actuator 16 to displace the actuator 18 along
slide 14 in the direction of arrow A (to the right in FIG. 1) and
parallel to axis B. This motion may move the support arm 28
such that the axial component 32 enters the end of tube 40 and
ferrule 42. The control 38 may stop the longitudinal motion of
the actuator 18 and support arm 28 when the spherical roller
34 is positioned on a radius that is aligned with one of the
annular recesses 46 (FIG. 3).

At this point, the actuator 18 is activated by control 38 and
begins to rotate the mount 20, causing the spherical roller 34
to describe the circular path D, shown in FIGS. 1 and 2.
Simultaneously, or in an embodiment subsequently, actuator
26 may be activated by control 38, causing support arm 28 to
travel in a radial direction outwardly from axis B in the
direction of arrow C in FIG. 1. This radial motion brings the
spherical roller 34 into contact with an inner wall 50 of the
tube 40 (FIG. 3). Continued movement of the support arm 28
causes the spherical roller 34 to deform the wall 50 to form an
annular bulge 53 into a radially adjacent one of the annular
recesses 46, as shown in FIG. 3. In embodiments, the control
38 may activate the actuator 26 to form an annular bulge 53
that may extend the entire length of the annular recess 46 (i.e.,
the entire circumference of inner wall 50), or only a portion or
portions of the annular recess.
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After the spherical roller 34 has described at least one
complete circular path D, the actuator 26 may be activated by
control 38 to draw the support arm 28 radially inwardly
toward axis B, thereby causing the spherical roller 34 to
disengage from the inner wall 50 of the tube 40.

The control 38 may then activate actuator 16 to displace
actuator 18 and mount 20 further along axis B, thereby dis-
placing spherical roller 34 to a next one of the annular
recesses 46. There, the process may begin a subsequent time
in which the actuator 26 displaces the support arm 28 radially
outwardly from the axis B to bring the spherical roller 34 into
contact with the inner surface 50 of the tube 40 to deform the
tube into the adjacent annular recess, and the actuator 18 is
activated by control 38 to cause the support arm 28 to describe
a circular path D that coincides with the annular recess 46.
This process may be repeated as many times as is desired or
required to effect a mechanical lock between the tube 40 and
ferrule 42 in which the wall of the tube 40 is deformed into
one or more annular recesses 46 of the ferrule 42. Because the
ferrule 42 is held within the clamp 44, deformation of the
ferrule 42 by this process may be minimized because the
spherical roller 34 urges against the tube 40 and the ferrule 42,
but the outer wall 52 of the ferrule 42 is held by the clamp 44.

In an alternate embodiment, shown in FIG. 4, the roller
swage 10" may include a mount 20 that slidably supports a
support arm 28'. Support arm 28' may include a radial com-
ponent 30" and an axial component 32' that is connected to
radial component 30' by a pivot 54. Support arm 28' may
include an actuator 56 that is pivotally connected to the axial
component 32 and to the radial component 30' by a bracket
58. Controller 38 may be connected to activate actuator 56 to
impart pivotal movement of the axial component 32' in the
direction of arrow E. This pivotal movement in the direction
of'arrow E causes the spherical roller 34 to move in a radial
direction relative to axis B (FIGS. 1 and 2), thereby causing
the spherical roller to move toward and away from the inner
surface of the wall 50 ofthe tube 40 when axial component 32'
is inserted into the ferrule 42 and tube 40 during a swaging
operation.

Inyet another embodiment, the axial component 32' (or the
axial component 32 shown in FIG. 1) may include a lubrica-
tion channel 60 connected to a source of lubricant that may be
under pressure (not shown) to convey lubricant to the recess
35 that receives the spherical roller 34.

As is apparent from the foregoing embodiments, the dis-
closed swaging method and apparatus may be capable of
swaging tubes to ferrules of a wide variety of diameters.
Further, because the swaging force is concentrated at a single
point, namely the point of contact of the spherical roller 34
against wall 50, much less force is required to deform the tube
40 to form bulge 53 into recess 46, so that deformation of the
tube and ferrule from a round condition is minimized in
comparison to prior art devices that may employ tapered
rollers. A further advantage over prior art devices is that the
mechanical deformation effected by the apparatus 10, 10'
may be varied; specifically, the apparatus may be used to
deform the tube wall 40 into a single cylindrical recess 46, or
aplurality of cylindrical recesses, thereby varying the degree
of mechanical interlock between the ferrule and the tube.

While the methods and forms of apparatus herein
described constitute preferred embodiments of the disclosed
roller swage method and apparatus, it is to be understood that
variations may be made therein without departing from the
scope of the invention.

What is claimed is:

1. An apparatus for roller swaging, the apparatus compris-
ing:
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a support arm having a radial component and an axial
component;

a spherical roller attached to an end of the axial component
of the support arm for relative rotational movement;

a mount slidably supporting the radial component of the
support arm for movement of the radial component and
the axial component in a radial direction relative to a
central axis of rotation of the mount;

a first actuator mounted on the mount for displacing the
radial component and the axial component of the sup-
port arm relative to the mount;

a linear slide;

a second actuator mounted on the linear slide, the second
actuator having an axle that supports the mount and
imparts rotational movement to the mount about the
central axis of rotation in which the spherical roller
describes a circular path;

a third actuator connected to the second actuator such that
the third actuator displaces the second actuator in a
linear direction on the linear slide; and

acontrol connected to activate the third actuator to displace
the second actuator along the linear slide to move the
support arm into an end of a tube, the second actuator to
rotate the mount, causing the support arm to describe a
circular path, and the first actuator to cause the support
arm to travel in a radial direction outwardly from the
central axis of rotation to bring the spherical roller into
contact with the tube to form an annular bulge in the
tube.

2. The apparatus of claim 1, further comprising a base for
supporting the linear slide and the second actuator for recip-
rocal movement along the central axis of rotation; and

the base supporting the third actuator.

3. The apparatus of claim 1, wherein the spherical roller
protrudes from the support arm in a direction away from the
central axis of rotation.

4. The apparatus of claim 1, wherein the support arm is
shaped to be inserted into an end of the tube inserted into a
ferrule.

5. The apparatus of claim 1, further comprising a clamp
adapted to engage and hold a ferrule centered relative to the
central axis of rotation.

6. The apparatus of claim 1, wherein the support arm
includes a lubrication channel for conveying a lubricant to the
spherical roller.

7. The apparatus of claim 1, wherein the support arm
includes a spherical recess shaped to receive and retain the
spherical roller therein.

8. The apparatus of claim 1, wherein the spherical roller is
received in the support arm at an end distal from the mount.

9. The apparatus of claim 1, wherein the spherical roller is
made from one of titanium and stainless steel.

10. An apparatus for roller swaging, the apparatus com-
prising:

a clamp adapted to hold a ferrule having a grooved interior

surface fitted over an end of a tube;

a support arm extending in a direction parallel to an axis
passing through a center of the ferrule;

a spherical roller rotatably supported in the support arm;

a mount adapted to receive the support arm for relative
slidable movement in a radial direction relative to the
axis;

a first actuator connected to displace the support arm rela-
tive to the mount;
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a second actuator connected to support the mount and
impart rotational movement to the mount about a central
axis in which the spherical roller describes a circular
path;

a base connected to support the second actuator for recip-
rocal movement parallel to the axis;

a third actuator connected to the second actuator for dis-
placing the second actuator relative to the base; and

a controller configured to operate the first actuator, the
second actuator and the third actuator in a sequence in
which the third actuator displaces the second actuator to
place the support arm into the ferrule and align the
spherical roller with a first groove of the ferrule, then the
first actuator displaces the support arm radially outward
from the axis such that the spherical roller deforms a
portion of the tube end into the first groove, then the
second actuator rotates the arm such that the spherical
roller displaces the portion of the tube end along the first
groove, then activates the first actuator to displace the
support arm radially inward toward the axis, then acti-
vates the third actuator to displace the second actuator to
align the spherical roller with a second groove of the
ferrule to repeat the sequence.

11. A method for roller swaging, the method comprising:

inserting an end of a tube into a ferrule;

activating a first actuator to displace a second actuator
along a linear slide to move an axial component of a
support arm into the end of the tube;

activating the second actuator to rotate a mount, the second
actuator having an axle that supports the mount and
causes the axial component of the support arm to
describe a circular path about a central axis of rotation of
the mount;

activating a third actuator to cause the axial component and
aradial component of the support arm slidably mounted
on the mount to travel in a radial direction relative to the
mount outwardly from the central axis of rotation to
bring a spherical roller, attached to the support arm for
relative rotational movement, into contact with the tube
to form an annular bulge in the tube against the ferrule
and thereby mechanically secure the ferrule to the end of
the tube.

12. The method of claim 11, further comprising moving the

spherical roller in a circular path within the end of the tube
and thereby mechanically secure the ferrule to the end of the

tube about an interior circumference thereof.

13. The method of claim 12, further comprising moving the
spherical roller in the circular path at a plurality of positions

within the end of the tube.

14. The method of claim 11, further comprising holding the
ferrule in a fixed position as the spherical roller is urged
against the inner wall of the tube.

15. The method of claim 11, further comprising clamping

the ferrule and tube in position as the spherical roller is urged

against the inner wall of the tube.

16. A method for roller swaging, the method comprising:

inserting an end of a metal tube into a ferrule, the ferrule
having at least one annular recess formed in an inner
surface thereof;

positioning a spherical roller radially inwardly of the annu-
lar recess and an inner wall of the tube relative to a center
of the ferrule;

simultaneously urging the spherical roller radially outward
against the inner wall of the tube with a force sufficient
to deform the tube into the annular recess, and moving
the spherical roller in a circular path whereby a portion
of the tube is deformed into the annular recess; and
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subsequent to the step of simultaneously urging the spheri-
cal roller radially outward and moving the spherical
roller in a circular path:
moving the spherical roller radially inward to disengage
from the inner wall of the tube;
displacing the spherical roller in a direction parallel to
the axis of the ferrule until the spherical roller is
positioned radially inward of a second annular recess
of the ferrule; and
simultaneously urging the spherical roller radially out-
ward against the inner wall of the tube with a force
sufficient to deform the tube into the second annular
recess, and moving the spherical roller in a circular
path whereby a portion of the tube is deformed into
substantially an entirety of the second annular recess.
17. An apparatus for roller swaging, the apparatus com-

prising:

a mount;

a support arm, the support arm having a radial component
attached to the mount and an axial component;

a first actuator mounted on the radial component for dis-
placing the axial component in a radial direction relative
to the mount and the radial component;
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a second actuator supporting the mount and imparting rela-
tive rotational movement to the mount about a central
axis of rotation;

the radial component extending in a direction perpendicu-
lar to the central axis of rotation with the axial compo-
nent attached to an outer radial end of the radial compo-
nent and extending in a direction parallel to the central
axis of rotation; and

a spherical roller attached to the end of the axial component
of the support arm distal from the mount, the spherical
roller describing a circular path about the central axis of
rotation in response to the relative rotational movement
of the mount by the second actuator.

18. The apparatus of claim 17, wherein the axial compo-
nent is pivotally attached to the radial component.

19. The apparatus of claim 18, wherein the first actuator is
connected to pivot the axial component relative to the radial
component such that the spherical roller moves in a radial
direction.



